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ABSTRACT 
Population parameters, home range and habitat 
utilization were contrasted for raccoons inhabiting natural 
and urban habitats on Sanibel Island, Florida. In addition, 
food habits and reproductive potential were estimated for 
raccoons on the island. The sex and age structures of the 
two populations were not significantly different. Raccoons 
were more abundant in natural habitat compared to urban 
areas. Densities were 1.4 raccoons/ha for natural habitat 
and 0.8 raccoons/ha for urban areas. Home range size was not 
different for raccoons from the two areas. Raccoons from the 
natural area utilized natural habitat more than available and 
urban habitat less than available. Urban raccoons utilized 
urban habitat more and natural habitat less than available. 
The food habits of raccoons on the island revealed that 
Sanibel raccoons utilized vegetation 75% of the time. Adults 
fed on strangler fig significantly more than juveniles, 
juveniles utilized Brazilian pepper more than adults. The 
reproductive potential for this population was 0.82 for 1987 
and 0.68 for 1988. six months after the conclusion of this 
study, the population crashed due to an outbreak of canine 
distemper. 
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INTRODUCTION 
The raccoon (Procyon lotor) is an animal that has 
readily adapted to the intrusion of man into rural areas as a 
result of urban expansion (Hoffman and Gottschang 1977, 
Hoffman 1979). It has successfully invaded urban areas 
because it is ideally adapted for urban living due to its 
omnivorous and nocturnal habits. Raccoons are usually active 
at night and secretive by nature (Poole 1985). Buildings, 
garages and storage sheds provide cover and denning sites. 
They can easily conduct nighttime foraging trips from daytime 
resting sites, along familiar travel routes to feed on garden 
produce, landscape vegetation, garbage and pet foods, and 
then back to the daytime sleeping locales (Lotze and Anderson 
1979). Some raccoons are purposefully fed by humans that 
enjoy observing the animals and some are fed by humans 
intending to decoy the animals away from garbage. 
Due primarily to their fur and sport hunting value, 
there have been numerous biological studies on raccoons in 
the past (Allsbrooks and Kennedy 1987). These studies have 
concentrated predominately on the distribution, density, 
reproduction, activity and movements of raccoons in rural 
environments resulting in a good understanding of how 
raccoons live in natural conditions (Lotze and Anderson 
1979). Not until the early 1970s did researchers begin to 
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investigate raccoons living in close proximity with man (Hoff 
et ale 1974, Hoffmann and Gottschang 1977, Schinner and 
Cauley 1974). In some urban areas raccoons are considered 
pests that demand monetary resources and manpower to 
alleviate human/raccoon confrontations. Recent studies have 
focused on the problems of dealing with nuisance urban 
raccoons (Rosatte and MacInnes 1989). Sound management 
practices have yet to be developed. 
Among the reasons to justify the study of urban raccoons 
is the possible transfer of diseases from raccoons to humans 
or their pets. Rabies, canine distemper and Baylisascaris 
procyonis are well known health problems of raccoons that 
pose potential hazards to hUmans (Bigler et ale 1973, Hoff et 
ale 1974, Jacobson et ale 1982). Lesser known situations 
that exist with raccoon/human interactions include salmonella 
infections and parasite infestations (Bigler et ale 1974, 
Hunter et ale 1979). 
Studies of raccoons living in urban areas have shown 
that the animals have biological and behavioral differences 
compared to raccoons in natural areas (Slate 1980, Rosatte 
and MacInnes 1989). The bulk of the current knowledge 
available to manage raccoon populations refers to rural 
animals. Accurate information is needed to properly manage 
urban raccoon populations. 
Numerous problems have recently surfaced concerning the 
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raccoons of Sanibel Island, Florida. citizens have reported 
encounters with raccoons in residential areas that may pose 
potential dangers to children and pets. Large concentrations 
of raccoons have been observed feeding at garbage dumpsters, 
trash cans and at locations where humans purposely feed them. 
The depredatory activities of raccoons on the island are 
considered harmful to other wildlife populations, such as, 
sea turtles and many of the birds that nest there. 
The goal of this study was to estimate the differences 
and similarities of raccoons living in natural and urban 
areas and to gather base line data on Sanibel raccoons. 
Specific objectives were to: 
1) estimate the size and sex and age structure 
of the raccoon populations living in the two 
areas 
2) assess the activity, movements and home range 
of raccoons from the two areas 
3) measure the food habits of the raccoons on 
Sanibel Island 
4) determine the current reproductive potential 
of the raccoons on Sanibel Island 
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STUDY SITE 
This study was conducted on Sanibel Island off the 
southwest coast of Florida. Sanibel Island is a 4,450 ha 
barrier island on the Gulf Coast of Florida, adjacent to the 
mouth of the Caloosahatchee River in Lee County. The island 
was connected to the mainland in 1963 via a three mile long 
causeway from the east end of the island. The west end of 
the island is connected to a smaller Captiva Island by a 
short highway bridge that crosses Blind Pass (Clark 1976). 
Sanibel Island has a subtropical climate divided into 
two distinct seasons: a wet season from approximately June 
through October and a dry season for the remainder of the 
year. Nearly 70% of the island's 107 cm of annual rainfall 
occurs as a result of sporadic thunderstorms during the wet 
season. The average temperature is 22° C with monthly 
averages ranging from 28° C in August to 18° C in January. 
Summer high temperatures frequently reach 35° C and an 
occasional killing frost has been reported in winter (Clark 
1976). A number of tropical storms have affected the island 
with extensive flooding and complete overtopping by tidal 
waters occurring during several severe hurricanes. 
The island is sub-divided into four major habitat types 
as determined primarily by vegetative associations and 
surface hydrology: beachfront, interior wetland, mangrove 
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and upland. The beachfront zone is further divided into gulf 
beaches that face south and west into the Gulf of Mexico and 
bay beaches which face north and east towards San Carlos Bay 
and the mainland. The total area of beach front is a narrow 
strip approximately 30 m wide that surrounds the island with 
the exception of locations where the mangrove meets the sea. 
The vegetation on the beach front is considered a beach plum 
(Scaevola plumieri)-railroad vine (Ipomoea pes-caprae)-sea 
oats (Uniolo paniculata) association. A variety of grasses, 
herbs and shrubs appear widely scattered on the beaches. 
The interior wetland, totaling nearly 1000 ha, is 
further segregated into lowland wetland and upland wetland. 
This separation is made due to the variation in length of 
time in which the areas experience flooding. The lowland 
wetland is subjected to extended periods of flooding and is 
composed of cordgrass (Spartina bakerii) in association with 
sawgrass (Mariscus jamaicensis), water-hyssop (Bacopa 
caroliniana) and sea purslane (Sesuvium maritimum). The 
upland wetland consists of slightly elevated ridges and 
narrow swales that experience shorter periods of flooding. 
In addition to the plants found in the lowland wetland, the 
upland wetland also hosts marsh elder (Iva imbricata), 
leather fern (Acrostichum danaeaefolium), wax myrtle (Myrica 
cerifera) and cabbage palmetto (Sabal palmetto). 
The mangrove community totals approximately 1100 ha, of 
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which nearly 82% is located in the J.N. "Ding" Darling 
National wildlife Refuge. Major components of the mangrove 
community are red mangrove (Rhizophora mangle), black 
mangrove (Avicennia germinans), white mangrove (Laguncularia 
racemosa) and buttonwood (Conocarpus erecta). 
The remainder of the island, nearly 2200 ha, is 
considered uplands. Two distinct situations create the 
island's uplands: the gulf beach ridge which lies directly 
behind the beach and the mid-island ridges which separate the 
mangrove watersheds from the interior wetlands. The uplands 
once resembled an extensive prairie but the area has now been 
invaded by a number of colonizing plants that followed the 
demise of farming in the 1920s. The uplands are now covered 
with a ragweed (Abrosia ~)-castor bean (Ricinus communis) 
complex that includes up to 18 other recovery plants. 
The upland areas also support the majority of the 
island's forest community. Shade trees not only provide 
shelter from Sanibel's tropical sun but many also produce 
fruits that may be important food sources for the islands 
wildlife. The mastic tree (Mastichodendron foetidissimum), 
strangler fig (Ficus aurea) and sabal or cabbage palm (Sabal 
palmetto) and others, produce fruits or berries known to be 
attractive to wildlife (Workman 1980). Much of the uplands 
have been invaded by exotics; the Australian pine (Casuarina 
~), cajeput (Melaleuca guinguenervia) and Brazilian pepper 
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(Schinus terebinthifolius) being the most prolific. 
wildlife of ecological importance to the raccoons on 
Sanibel includes the many species of invertebrates and lower 
vertebrates that may be food items and the numerous birds 
from whom the raccoons steal eggs. possible predators of 
raccoons include alligators (Alligator mississippiensis), 
Florida panthers (Felis concolor), bobcats (Lynx rufus) and 
gray foxes (Urocyon cinereoargenteus). Competitors for food 
and habitat include the opossum (Didelphis virginiana) and 
possibly the gray fox. 
In October of 1945 the J.N. "Ding" Darling National 
Wildlife Refuge was established due primarily to the efforts 
of Jay Norwood "Ding" Darling, who first visited Sanibel 
Island in 1936 while serving as head of the u.s. Bureau of 
Biological Survey (Lendt 1984). The 1900 ha refuge occupies 
approximately 43% of the total island area. The refuge is 
home to more than 260 species of birds as well as numerous 
fish, mammals, amphibians, reptiles and invertebrates (Clark 
1976) . 
In 1944 the year-round human population of Sanibel 
Island was approximately 100. The completion of the causeway 
connecting sanibel to the mainland in 1963 triggered the 
beginning of extensive development on the island. In 1976 
the population at mid-winter peak was about 12,000 people 
(Clark 1976) and today is estimated to be as high as 22,000 
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people (Erick Lindblad, sanibel-Captiva Conservation 
Foundation, personal communication, 1987). The number of 
daily visitors to the island may greatly exceed these 
figures. 
The location for this study was a 553 ha area of the 
island containing both natural and urban habitats. The site 
is located in the central part of the island defined by 
Rabbit Road on the west, Tarpon Bay Road on the east, the 
Gulf of Mexico to the south and Tarpon Bay/San Carlos Bay on 
the north (Figure 1). Raccoons, however, were not confined 
by these boundaries. 
The study site was further divided into 2 sub-areas for 
the purpose of contrasting raccoons living in natural and 
urban areas. Raccoons live trapped and ear-tagged or radio 
collared in the natural area were considered wild raccoons. 
Raccoons marked or radio collared in the urban area were 
considered urban animals. The term population was used to 
refer to the group of raccoons inhabiting one of the two 
areas. The natural area was an 89 ha section of the J.N. 
"Ding" Darling National wildlife Refuge between Sanibel-
Captive Road and Tarpon Bay/San Carlos Bay. The urban area 
was a 97 ha section of urban habitat surrounding Lake Murex 
and extending east to Island Inn Road. At the closest point 
the two areas were separated by 0.5 km of undeveloped 
habitat. 
Figure 1. Location 
habitats 
10 
TARPON BAY 
1 km 
Natural ~ Urban 
"ng natural "t show1 " 
of stu~y ~1I:land, Flor1da on San1be and urban 
11 
METHODS 
Population Parameters 
wild and urban raccoon populations were studied by 
capture/recapture trapping during the periods 1 June through 
15 August 1987 and 1 January through 15 August 1988. Trap 
lines were operated for 17 days totaling 374 trap nights on 
both the natural (6-22 July 1988) and urban (28 July-13 
August 1988) areas. Raccoons were captured in 315mm X 356mm 
X 914mm Tru-Catch (Belle Fourche, S. D.), non-collapsible 
live traps. Traps were baited in the late afternoon with 
various fruits and/or dry dog food and checked the following 
morning, at which time captured raccoons were processed and 
all traps were closed. 
Raccoons captured for the first time were sedated with 
an intramuscular injection of ketamine hydrochloride at a 
rate of 8-10 mg/kg of body weight (Bigler and Hoff 1974). 
Upon removal from the trap an ophthalmic ointment was placed 
in the animals eyes to protect against injury from drying. 
Sedated animals were weighed to the nearest 0.1 kg using a 
Pesola spring scale. Standard length measurements of tail, 
body and hind foot were recorded to the nearest millimeter. 
Sex was determined and female reproductive status estimated 
by the condition of the abdomen, nipples and vulva (Kaufmann 
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1982). Differences in the sex structure of the two 
populations were evaluated by chi-square statistics. 
The age structures of the wild and urban raccoon 
populations were determined from data collected during 
capture/recapture studies and by analyzing teeth removed from 
animals assessed to be greater than I-year old. Age of 
captured animals was estimated as either juvenile « I-year 
old) or adult (~ I-year old) based on tooth replacement and 
wear, body size and reproductive condition (Grau et al. 
1970). A lower incisor was removed from all animals 
considered to be adult for more precise determination of age. 
In the laboratory, extracted teeth were decalcified in 
Cal-Ex (Fisher Scientific) for approximately 12 hours. After 
rinsing, the teeth were sliced into 10 micron sections using 
a Reichert-Jung cryostat microtome. sections were stained 
with .2% methylene blue solution and examined under a 10 
power microscope. Age was estimated using the cementum 
annuli deposition technique (Grau et al. 1970). Differences 
in the age structures of the two popUlations were evaluated 
using chi-square statistics. 
All captured raccoons were marked with two numbered ear 
tags (Nasco Jumbo Rototag). Recaptured animals were recorded 
and released without being sedated except for adult females 
if the time between captures was considered sufficient to 
allow changes in their reproductive condition. The data from 
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the capture/recapture studies were analyzed using the 
computer program CAPTURE (White et ale 1982) to produce 
raccoon densities for the wild and urban populations. The 
determination to use M-h of program CAPTURE was made by 
evaluating the capture probabilities, coefficients of 
variation and trapping experiences during the study. 
Differences in the population estimates for the two areas 
were evaluated using z-test statistics. 
Home Range and Habitat utilization 
Home range and habitat utilization information was 
collected by radio telemetry. Fourteen adult raccoons (7 
male and 7 female) from each area were live trapped and 
equipped with radio transmitter collars (Advanced Telemetry 
Systems, Insanti, MN) during the period 15 January through 5 
March 1988. Transmitters operated on individual frequencies 
in the range of 164.00 - 165.999 mhz and were equipped with 
activity sensors to indicate movement. Radio collared 
raccoons were monitored from April through June 1988 
utilizing a vehicle mounted dual Yagi null-peak antenna 
system and an Advanced Telemetry Systems scanning receiver. 
Individuals were chosen randomly and monitored for 2, 6-
night periods. The night time monitoring schedule was 
divided into 2, 6-hour blocks, beginning 1 hour before sunset 
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or terminating 1 hour after sunrise. Each animal was 
monitored on an alternating schedule consisting of 3 sunset 
and 3 sunrise blocks. Locations were recorded approximately 
every hour as determined from at least 2 triangulation 
azimuths. The time lag between two azimuths for the same 
location was normally not more than 5-6 minutes. 
The error polygon (Springer 1979) for this telemetry 
system was determined by locating test transmitters for three 
distances (183 m = 0.004 ha, 396 m = 0.043 ha and 792 m = 
0.25 hal. Most raccoon locations were established from 
telemetry azimuths at distances between 400 to 500 meters. 
Thus the error polygon used to establish home range and 
habitat usage was arbitrarily set at 0.05 ha (an area 
approximately 20 x 20 m). The telemetry system was checked 
daily using a test transmitter to insure proper operation. 
Locations of monitored raccoons were plotted on aerial 
photographs with a scale of 1 inch equaled 200 feet. Plotted 
points were assigned coordinates and the computer program 
MCPAAL (Stuwe and Blohowiak 1985) was used to determine home 
range size by the minimum convex polygon method (Mohr 1947). 
Differences in home range size between wild and urban 
raccoons were analyzed using analysis of variance (ANOVA) 
procedures (Helwig and Council 1979). 
Habitat utilization was assessed using chi-square 
goodness of fit (calculated on count data) and Bonferroni 
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confidence intervals as described by Byers et ale (1984). 
Habitat types were classified as natural, urban, ecotone and 
roadside. Natural habitat was considered as those areas with 
little or no current human activity or developments. Urban 
habitat consisted of altered lands including public, 
residential and commercial developments. Ecotone was edge 
habitat between natural and urban areas as determined by a 
band 40 m wide (the width of 2 error polygons) divided 
between the two habitats. 
Roadside habitat consisted of the roads transecting 
natural habitat and a 40 m band (20 m on either side, 
extending from the edge of the road out). Roads and 
roadsides adjacent to urban areas were considered part of the 
urban habitat. Habitat availability was determined for radio 
collared raccoons based on the location of the individuals 
home range using the MIPS (Microimages, Inc., Linda, NE, 
unpublished) computer system and aerial photographs (Johnson 
1980). 
Activity 
Telemetry information was used to determine the start 
time of activity and distance traveled per hour relative to 
sunset. variations in time of sunset were adjusted for so 
that beginning of activity and rate of travel could be 
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compared for animals monitored on different days. The start 
of activity was determined from the change in the transmitted 
signal, a result of the activity sensor incorporated into the 
radio transmitters collars. General linear models procedures 
(repeated measures) were used to analyze differences in the 
start of activity and the distance traveled per hour for the 
two populations (Helwig and Council 1979). The distance 
traveled per hour was not reported if the location of the 
animal was not known in the previous 1 hour time block. 
Roadkilled Raccoons 
A 14.5 kilometer route from the causeway, west on 
Periwinkle Way to Tarpon Bay Road, north to Sanibel-Captiva 
Road and west to wild Lime Drive was driven daily in the 
morning to collect roadkills. The route ran through 
approximately 3.6 km of urban habitat and 10.9 km of natural 
habitat. Roadkills were sexed, weighed and measured and 
categorized as adult male, adult female, juvenile male or 
juvenile female. The reproductive tract was removed from 
females estimated to be ~ 1-year old. A lower incisor was 
removed from all animals estimated to be ~ 1-year old and 
later aged by the cementum annuli method. 
17 
Food Habits 
Food habits were assessed by estimating the average 
percent volume of various items in the stomachs of roadkilled 
raccoons. The stomachs were removed and either frozen or 
preserved in 10% formalin. Volumetric displacement to the 
nearest 1.0 ml and weight to the nearest 1.0 gram was 
determined for stomachs with contents. stomachs with 
contents of less than 3% of their volume were considered 
empty and not analyzed. contents were analyzed by the point-
frame method (Chamrad and Box 1964, Robel and watt 1970). 
contents were identified to species when quickly 
accomplished. Infrequently appearing items were collectively 
combined with like items, such as, aquatic organisms, 
amphibians/reptiles, insects and birds. Aquatic organisms 
consisted of fish and invertebrates from both fresh and salt 
water, identified by fins or shell fragments. 
Amphibians/reptiles included lizards, frogs and turtles. 
Insects were identified by wings, fragments of exo-skeleton 
and body parts and birds by feathers. An additional category 
"other" was created to identify the presence of accidentally 
ingested items such as paper, plastic and pebbles. z-test 
statistics were used to analyze differential food item 
utilization by the 4 categories of roadkilled raccoons. 
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Reproductive Potential 
The reproductive potential was determined by the formula 
RP = NL x LS x F x BF (Schinner and Cauley 1974), where NL = 
the number of litters per female per year (Sanderson and 
Nalbandov 1973, Bigler et ale 1981), LS = the average litter 
size (reproductive tracts from roadkilled raccoons), F = the 
proportion of females in the population (data from live 
trapped animals) and BF = the proportion of adult females 
that reproduced (data from live trapped animals). 
Through out this study the significance of statistical 
analysis was determined at the P<.05 level. 
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RESULTS 
population Parameters 
A total of 748 trap nights split evenly between the 
natural and urban areas captured 100 different raccoons. In 
addition to the 56 animals captured 1 time in the natural 
area, 13 animals were recaptured once. Of the 44 animals 
captured 1 time in the urban area 13 were recaptured once, 3 
recaptured twice and 1 recaptured 3 times. Trapping success 
per 100 trap nights was 18.5 raccoons in the natural area and 
16.3 raccoons in the urban area. 
Sex and adult/juvenile age structures of the two raccoon 
populations were not significantly different. Males 
comprised 68% of the wild population and 61% of the urban 
populations, females made up 32% of the wild and 39% of the 
urban populations (X2 = .4566, 1 d.f., P>F = .5024). The 
wild population was 77% adult and 23% juvenile, the urban 
population was 89% adult and 11% juvenile (X2 = 2.334, 1 
d.f., P>F = .1028) No significant differences existed in 
the age structure of the two populations (Figure 2) 
determined from analysis of dental cementum annuli (X2 = 
13.2874, 7 d.f., P>F = .3240). 
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Figure 2. Percent in each age class of raccoons live-trapped 
in natural and urban areas on Sanibel Island, 
Florida in 1988 
21 
Raccoons were significantly (Z = 2.82, P = .0024) more 
abundant in the natural area (N = 127, S.E. = 16.0982) 
compared to the urban area (N = 75, S.E. = 8.9472). 
Estimated naive densities per hectare were 1.4 raccoons for 
the natural areas and 0.8 raccoons for the urban areas. 
Home Range 
Of the 28 raccoons equipped with radio collars, 
sufficient telemetry data was collected to evaluate home 
range size and habitat utilization for 9 (6 male and 3 
female) raccoons from each area. Telemetry monitoring 
produced an average of 45 locations per animal (range 28 -
57) . 
The home range size for male raccoons averaged 68.84 ha 
(range = 46.82 - 96.50, S.D. = 19.26) among animals from 
natural habitat and 76.13 ha (range = 64.33 - 85.04, S.D. = 
8.08) among animals in urban areas. The size of home ranges 
for females averaged 21.80 ha (range 11.40 - 30.80, S.D. = 
9.84) among animals from natural habitat and 17.20 ha (range 
= 8.18 - 31.24, S.D. = 12.32) among animals from urban areas. 
Although there were differences between males and females 
within areas, analysis of variance procedures indicated no 
significant differences in the size of home ranges between 
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wild and urban raccoons (male F = .76, P>F = .4049; female F 
= .24, P>F = .6501). 
Habitat Utilization 
Figures 3 and 4 illustrate the home range size and 
locations typical of raccoons representative of the wild and 
urban populations. utilization was calculated based on 
combined telemetry locations for the following groups of 
raccoons: wild, urban, wild male, wild female, urban male 
and urban female. The proportion of locations per habitat 
type for the above groups are shown in Table 1. Chi-square 
goodness of fit tests indicated that all raccoon groups 
utilized the habitats differently than they were available 
(Table 1). Habitat availabilities determined for the raccoon 
groups, based on home ranges, are listed under expected usage 
in Table 2. 
The results of Bonferroni confidence intervals (Table 2) 
illustrated how the groups of raccoons utilized the 4 habitat 
types. wild raccoons utilized urban, ecotone and natural 
habitats approximately as available and roadside habitats 
more than available. Urban raccoons utilized natural 
habitats less than available, ecotone and roadside habitats 
approximately as available while spending a higher than 
expected amount of time in urban habitats. 
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Table 1. utilization of habitat types (% of locations) by 
raccoon groups and chi-square goodness of fit test 
results showing utilization different than 
availability. N = the number of locations 
Habitat TY}2e 
Group (N) Natural Urban Ecotone Roadside X2 * 
wild (421)a 72 12 02 15 176.8 
Urban (405)a 14 78 08 00 626.3 
wild Male (275)b 67 18 02 13 74.1 
wild Female (146)c 81 00 01 18 123.0 
Urban Male (264) b 15 75 . 09 01 376.4 
Urban Female (141)c 11 85 04 00 261.2 
aObservations on 9 animals. 
bObservations on 6 animals. 
cObservations on 3 animals. 
*AII Chi-square results were significant at .05 level. 
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Table 2. Habitat utilization compared to availability as 
determined by Bonferroni confidence intervals for 
raccoon groups 
Group Habitat Bonferroni C. I.* E.U. a Useb 
Wild Natural .665 ~ E.U. ~ .775 .75 Equal 
Urban .076 ~ E.U. ~ .156 .13 Equal 
Ecotone ·.014 ~ E.U. ~ .024 .02 Equal 
Roadside .104 ~ E.U. ~ .190 .10 More 
Urban Natural .094 ~ E.U. ~ .179 .22 Less 
Urban .733 ~ E.U. ~ .833 .72 More 
Ecotone .045 ~ E.U. ~ .110 .05 Equal 
Roadside .005 ~ E •. U. ~ .015 .01 Equal 
Wild Male Natural • 599 ~ E.U • ~ .739 .71 Equal 
Urban .120 ~ E.U. ~ .236 .19 Equal 
Ecotone .000 ~ E.U. ~ .045 .03 Equal 
Roadside .081 ~ E.U ~ .181 .07 More 
Wild Female Natural .914 ~ E.U. ~ 1. 00 .79 More 
Urban .000 ~ E.U. ~ .000 .07 Equal 
Ecotone .000 ~ E.U. ~ .044 .005 Equal 
Roadside .118 ~ E.U. ~ .304 .13 Equal 
Urban Male Natural .097 ~ E.U. ~ .207 .20 Equal 
Urban .678 ~ E.U. ~ .814 .72 Equal 
Ecotone .050 ~ E.U. ~ .140 .07 Equal 
Roadside .000 ~ E.U. ~ .021 .01 Equal 
Urban female Natural .041 ~ E.U. ~ .177 .23 Less 
Urban .776 ~ E.U. ~ .926 .72 More 
Ecotone .000 ~ E.U. ~ .086 .04 Equal 
Roadside .000 ~ E.U. ~ .000 .00 Equal 
aE.U. = expected usage is equal to the proportion of the 
habitat in relation to all habitats combined. 
bose = utilization of the habitat type in comparison to 
the relative amount of that habitat available. 
*Significant at .05 level. 
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Male raccoons from the wild population used natural, 
urban and ecotone habitats approximately as available and 
roadsides disproportionately more than available. Female 
raccoons from the natural area utilized urban, ecotone and 
roadside habitats approximately as available but were located 
in natural habitat more often than expected from habitat 
availability. 
Male raccoons from the urban area used all habitats 
approximately as available. Urban females appeared to 
utilize urban habitat more than expected, natural habitat 
less than expected and ecotone and roadside habitats 
approximately as available. 
Activity 
GLM procedures (repeated measures) indicated that there 
was no significant difference (F = 1.71, P>F = .3212) in the 
start of active for raccoons inhabiting the two areas. Male 
raccoons from the wild population became active an average of 
49 minutes after sunset compared to 60 minutes after sunset 
for males from the urban population. wild female raccoons 
started activity 58 minutes after sunset compared to 73 
minutes after sunset for urban female raccoons. 
Figure 5 illustrates the average hourly distances 
travelled during the sunset and sunrise monitoring periods 
28 
for male raccoons from the two areas. The mean number of 
locations used to determine distances travelled for wild 
males was 16 (range 2 - 26) and for urban males 13 (range 1 -
25). Figure 6 illustrates the average hourly distance 
travelled during the sunset and sunrise monitoring periods 
for female raccoons from the two areas. The mean number of 
locations used to determine distances travelled for wild 
females was 10 (range 4 - 14) compared to 10 for urban 
females (range 2 - 14). 
GLM procedures (repeated measures) on males and females 
within areas combined revealed significant differences in the 
distances traveled during 1 hour time blocks throughout the 
night (F = 3.26, P>F = .0008). Differences in the by hour 
movements between the two populations were not significantly 
different (F = 2.50, P>F = .1336). 
Analysis of the distances traveled per hour for the two 
monitoring periods (sunset and sunrise) indicated significant 
differences (F = 5.96, P>F = .0267) between the periods but 
not between the wild and urban populations (F = 1.57, P>F = 
.2279). 
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Roadkilled Raccoons 
A total of 83 roadkilled raccoons were collected during 
the 243 days the route was checked. Numerous other roadkills 
were not collected due to mutilation, decay or evisceration 
by scavengers. The sex structure of the roadkills collected 
(58% male, 42% female) is not significantly different than 
the sex structure of the wild (X2 = 2.23, 1 d.f.) or urban 
(X2 = 0.52, 1 d.f.) populations. No difference was found in 
the age structure of the roadkills (71% adult, 29% juvenile) 
compared to the wild population (X2 = 0.56, 1 d.f.), although 
the chi-square value of 5.03 (1 d.f.) indicates significantly 
more juveniles and less adults roadkilled than existed in the 
urban area. 
Food Habits 
sixty-one stomachs removed from roadkilled raccoons 
contained sufficient material to conduct food habit analysis. 
Table 3 lists the categories, number of samples per category 
and the average percent volume of food items found. 
strangler fig, cabbage palm and Brazilian pepper were 
considered to be the three most frequently utilized food 
items (Table 3). GLM procedures (Duncan's test) indicated 
different utilization of strangler fig, cabbage palm and 
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Brazilian pepper by adult and juvenile raccoons (F = 7.03, 
P>F = .0122). 
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Table 3. Average percent volume of food items found in the 
stomachs of roadkilled raccoons. N = number of 
stomachs examined 
strangler fig 
Cabbage palm 
Brazilian pepper 
Mastic tree 
Unidentified plant 
Aquatic organisms 
Amphibians/Reptiles 
Insects 
Birds 
Unidentified animal 
other 
Adult 
Male Female 
N = (23) (19) 
43 
13 
o 
8 
1.1 
3 
6 
9 
o 
2 
6 
35 
20 
5 
o 
12 
11 
6 
4 
o 
1 
o 
Juvenile 
Male Female 
(11) (8) 
14 
31 
17 
o 
29 
1 
o 
o 
7 
8 
o 
20 
o 
35 
13 
10 
1.5 
9 
o 
o 
o 
o 
Total 
(61) 
32 
17 
9 
5 
14 
7 
6 
5 
2 
2 
2 
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Reproductive Potential 
The number of litters per female per year was determined 
from previous studies on raccoon reproduction to be 1 
(Sanderson and Nalbandov 1973, Bigler et al. 1981). No data 
were collected during this study to suggest other than 1 
litter per female per year. 
The average litter size was determined from the 
examination of reproductive tracts of 21 roadkilled adult (~ 
1-year old) female raccoons. A total of 16 placental scars 
and embryos in 6 reproductive tracts indicated an average of 
2.67 young per litter. The remaining 15 reproductive tracts 
showed no signs of ovarian activity or embryo implantation. 
The proportion of female raccoons in the population and 
the proportion of adult females that reproduced were 
determined from trapping data collected between 6 July and 14 
August, 1988 and 1989. During this period 174 raccoons were 
captured. The proportion of females in the population (F) 
was 0.39 in 1987 and 0.36 in 1988. The proportion of 
breeding females in the population (determined by examining 
adult females for lactation, pregnancy, estrus or evidence of 
a recent litter) was 0.78 in 1987 and 0.68 in 1988. Thus the 
reproductive potential for the Sanibel raccoon population was 
0.82 (1 X 2.67 X 0.39 X 0.79) in 1987 and 0.65 (1 X 2.67 X 
0.36 X 0.68) in 1988. 
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DISCUSSION 
No major differences existed in the sex and age 
structures of raccoon populations inhabiting natural or urban 
areas. The proportion of males (68% wild, 61% urban) was 
similar to the 60% males found in mangrove swamps in south 
Florida near Sanibel Island (Bigler et al. 1981). Studies of 
urban raccoons in Ohio, by Hoffman and Gottschang (1977) 
found 46% males. 
The age structure of the raccoon populations from the 
two areas indicated low proportions of juvenile animals (23% 
wild, 11% urban). This agrees with studies by Sonenshine and 
Winslow (1972) and Bigler et al. (1981) who found populations 
with 20% juveniles. Hoffmann and Gottschang (1977) 
determined 48% juveniles in Ohio while Dunn and Chapman 
(1983) used hunting and trapping data to estimate over 50% 
juveniles for a raccoon population in rural Maryland. 
Stuewer (1943) stated that for a habitat to meet the 
requirements of a raccoon population it must possess a 
permanent water supply, den trees and available food. This 
statement may be true, but somewhat simplistic, especially 
when addressing raccoons in urban environments. Raccoons 
living in urban areas must also be able to tolerate the close 
association of humans, as well as, survive such dangers as 
automobile traffic and pets. Sanibel populations 
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demonstrated that undomesticated raccoons will inhabit areas 
of human development but occur at lesser densities than under 
natural conditions. 
The overall naive density of raccoons on Sanibel Island 
(l.l/ha = 110/km2) is high by any standards. Bigler et al. 
(1981) studied raccoons on Marco Island, Florida, an area 
similar and in close proximity to Sanibel Island. They used 
the calendar of capture method to conservatively estimate .04 
raccoons/ha. In Glendale, Ohio, Hoffman and Gottschang 
(1977) estimated the density of urban raccoons to be .68 
raccoons/ha and Slate (1980) reported a density of 1.4 
raccoons/ha in habitat adjacent to suburban development in 
New Jersey. Schinner and Cauley (1974) found .7 raccoons/ha 
in urban Cincinnati. 
Combined home ranges for males and females were slightly 
larger for raccoons from the urban area, a result of 
significantly larger home ranges for male raccoons from the 
urban area compared to the natural area. This difference in 
home range size may be explained by lower densities in the 
urban area. Male raccoons inhabiting areas of lower 
densities may have further to travel in search of 
reproductive females. 
Home range of raccoons studied in many situations and 
locales has produced great variation. Hoffman and Gottschang 
(1977) determined the home range size for combined sex and 
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age groups in urban Ohio to be 5.1 ha. On the other end of 
the spectrum, Fritzell (1978) calculated the average home 
range of 9 adult male raccoons in rural North Dakota to be 
2,560 ha. Allsbrooks and Kennedy (1987) found average home 
ranges of 140 ha (male) and 103 ha (female) for raccoons in 
natural areas in Tennessee. Anderson and Hudson (1980) in 
Georgia estimated average home ranges of 39 ha for females 
and 142 ha for males. 
Schinner and Cauley (1974) postulated that the home 
ranges of raccoons in their urban study (juvenile 8.4 ha, 
adult 4.7 ha) were smaller than those of animals in rural 
areas because urban animals have more readily available and 
permanent food sources such as garbage. Slate (1980) 
determined that the average home range (28.7 ha) of raccoons 
in urban New Jersey were linear in shape due to the travel 
patterns of raccoons from day beds in natural habitats to and 
from foraging sites in urban area. 
Bonferroni confidence intervals indicated that raccoons 
on Sanibel Island selectively utilized available habitats. 
Raccoons representative of the wild population used the 
habitats within their home range approximately as available. 
Raccoons considered to be from the urban population utilized 
urban habitats more than available. 
Hoffmann and Gottschang (1977) described habitat use of 
urban raccoons in Glendale, Ohio that is similar to that of 
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this study. In both studies, urban raccoons made nightly 
travels from day beds in natural habitats to feed in garbage 
cans and at other food sources in developed areas. Gardens, 
landscape vegetation, fruit trees and other food sources 
associated with human activity also appeared to be important 
to urban raccoons. Other studies indicate similar activity 
patterns of raccoons living in close proximity to developed 
areas (Schinner and Cauley 1974, Slate 1980, Rosatte and 
Macinnes 1989). 
Urban raccoons (both males and females) began activity 
later than raccoons from the wild population. Decreased 
light and human activity were considered the primary reasons. 
The movement patterns reported here are minimum straight line 
distances moved. Animals, however, do not move at steady 
rates or in straight lines. The large average standard 
deviations shown in Figures 2 and 3 indicate great 
variability in the activities of individual raccoons. 
Both populations demonstrated bimodal activity patterns 
similar to those described by Anderson and Hudson (1980) with 
activity peaks approximately 3 hours after sunset and again 1 
hour before sunrise. Urban raccoons (both males and females) 
appeared to remain active longer after sunrise than raccoons 
from the wild population. The fact that both populations 
began activity after sunset and remained active after sunrise 
may have created the difference in activity by period 
39 
indicated by GLM procedures. 
This study revealed significant differences in the way 
adult and juvenile raccoons utilized various food items. 
Juveniles appeared to utilize fewer food items than adults. 
This agrees with the findings of Nelson (1987) that juveniles 
prefer a limited variety of foods. Gorniak (1986) explained 
that the masticatory apparatus of the raccoon enables them to 
utilize a wide variety of food items. McComb (1980) found no 
difference in the frequency of occurrence of animal or plant 
foods by raccoons from forested, agricultural or urban areas 
in Connecticut. Sanibel raccoons had a frequency of 
occurrence of plant items of approximately 77%. The high 
apparent high use of Brazilian Pepper berries by juveniles 
compared to low utilization by adults suggests a pattern of 
learning behavior by young animals. Morton (1978) described 
the plant as a source of respiratory difficulty and sometimes 
fatal trauma for mammals that ingest the berries. Another 
possibility is that adult raccoons are excluding juveniles 
from more desirable foods, such as, Strangler Fig, causing 
the younger animals to use Brazilian Pepper. 
Although some of the roadkilled raccoons used for food 
habit analysis in this study were collected adjacent to urban 
habitat it was not possible to determine where the animals 
had been feeding. The food habits of urban raccoons may not 
have been represented in this study. Raccoons were 
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frequently observed feeding in residential garbage cans and 
commercial dumpsters (27 raccoons were counted at one grocery 
store dumpster). Low urban traffic volume and speed, 
relative to natural areas, may have minimized the number of 
urban animals roadkilled. 
Schinner and Cauley (1974) stated that the values for NL 
(number of litters per female per year) and LS (average 
litter size) will not vary considerably from year to year. 
The average litter size for Sanibel raccoons was estimated to 
be 2.67. This value does not vary appreciably from the mean 
litter size (2.87) determined for raccoons in southern 
Florida mangrove swamps (Bigler et ale 1981). Raccoons in 
northern latitudes normally have larger litters of 3.0 - 5.0 
young/litter (Lotze and Anderson 1979, Schinner and cauley 
1974, Spencer and Steinhoff 1968). 
The proportion of females in the popUlation (F) for 
Sanibel raccoons (39% in 1987 and 36% in 1988) is similar to 
the 40% reported by Bigler et ale (1981) for Florida 
raccoons. Schinner and Cauley (1974) reported 42% and 44% 
females for two years in urban Ohio. Slate (1980) suggested 
that sex ratios from trapping studies may underestimate 
females as adults with young often reduce their travel and 
activity thus decreasing their exposure to traps. 
The proportion of breeding females (79% in 1987 and 68% 
in 1988) in this study is slightly higher than the 66% 
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determined by Bigler et ale (1981). Urban raccoons in Ohio 
demonstrated BF of 67% and 44% for two separate years 
(Schinner and Cauley 1974) while a study of raccoons from 
rural North Carolina reported 69% of the adult females were 
reproductively active (Zeveloff and Doerr 1981). 
The proportion of females and the proportion of breeding 
females may fluctuate from year to year (Schinner & cauley 
1974) as indicated by the data reported here. The proportion 
of breeding females may be difficult to estimate accurately 
for raccoons in southern regions due to their extended 
breeding season. 
The reproductive potentials reported here (0.82 for 1987 
and 0.65 for 1988) indicated a population that may be 
declining. A crudely calculated net reproductive rate using 
trapping data for age structure (no data on variations by age 
for litter size or proportion of breeding females) was 
determined to be 1.1 young females per adult female, a stable 
population. 
Raccoons at southern latitudes are thought to breed from 
March through August, later and for a more extended period 
than raccoons in the northern part of their range (Bigler et 
ale 1981, Payne and Root 1986). One roadkilled female from 
this study had 3 fetuses that were aged (Llewellyn 1953) to 
determine that conception occurred on or about 27 December. 
This suggests that some female raccoons on Sanibel Island may 
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breed at any time of the year. 
Approximately 6 months following the completion of the 
field work for this study canine distemper appeared in the 
raccoons of Sanibel Island. The disease was verified by a 
locale veterinarian. Dead and disabled raccoons were found 
for approximately 2 months. The intensity, rate of 
transmission and the fact that raccoons of all ages were 
affected suggests that there was little if any resistance to 
canine distemper in the population prior to the outbreak. 
The affects of the epidemic are unknown although it is 
evident from the lack of congregations of raccoons at feeding 
sites that the population was severely reduced. 
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MANAGEMENT RECOMMENDATIONS 
Raccoons inhabiting urban areas pose potential problems 
to humans, their pets and property. Prudent management 
practices should be undertaken to decrease the raccoon 
densities in urban areas. Commercial and residential garbage 
receptacles should be maintained in a condition that inhibits 
the access of wild animals. The intentional feeding of wild 
animals should be discontinued. A decrease in the number of 
raccoons in urban areas, which are often adjacent to the gulf 
beaches, may also enhance the nesting success of sea turtles. 
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